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Is  Astrogation  Possible?  (2) 


Yi  T,iii 


How  Much  Ehergy  Needed  For  Spaceflight 
In  the  coming  few  decades,  as  a  result  of  the  advanced  development  of 
modern  science  and  technology  in  such  field  as  atomic  energy,  electron, 
optics,  metallurgy  and  high  molecular  material,  the  first  permanent  star 
explorer  would  probably  be  a  robot  equipped  with  well  developed  electric 
brain.  Not  only  can  it  automatically  complete  various  missions,  but  it  can 
also  adapt  itself  to  changing  circumstances  so  as  to  overcome  difficulties. 
Its  life  span  can  be  as  long  as  a  normal  human  being.  Its  weight  is  about 
100  kilograms  like  that  of  an  astronaut  with  his  spacesuit  on.  However,  to 
accelerate  such  a  light  weight  explorer  to  a  speed  one  third  of  light  speed 
requires  as  much  energy  as  1,000,000  million  kilowatt  hours.  Such  an  amount 
of  energy  proximaiely  equals  to  the  total  amount  of  energy  generated  in  a 
medium  size  developing  country  for  one  year.  In  fact,  however,  In  addition 
to  the  explorer,  there  are  huge  structure  of  space  rocket,  engine  and  brake 
system  and  they  all  have  to  he  accelerated  to  their  maximum  velocity.  The 
total  weight  of  them  altogether  is  obviously  far  beyond  100  kilograms,  so 
the  energy  needed  for  spaceflight  could  be  hundreds  or  thousands  times  more 
than  1,000,000  million  kilowatt  hours. 


[f  such  huge  amount  of  energy  is  to  be  generat 


bv  using  chemical  fuel, 


Like  usinv  a  mton  to  mite  a  nyctrov- 


sn  bomb,  it  is  simply  impossible.  But 


11  depend  on 


energy  e 


Lorrcula,  me 


resseci  i rr  tne  following 


If  the  energy  of  1,000,000  million  kilowatt  hours  is  converted  into  ma; 
relating  to  it,  the  weight  of  the  mass  is  only  about  5  kilograms,  This  mea 
that  consuming  mass  of  5  kilograms  car*  accelerate  a  weight  of  100  kilograms 
to  a  velocity  one  third  of  light  velocity.  Certainly,  this  seems  very 
inexpensive. 


But  as  of  today,  the  conversion  of  mass  into  energy  can  only  partial! 
be  realized  in  the  process  of  nuclear  fission  and  nuclear  fusion.  In  a 
thermal  nuclear  engine,  the  energy  converted  from  the  consumed  mass  can  be 
expressed  by  jet  velocity.  Under  an  ideal  condition,  if  jet  velocity  car.* 
reach  half  of  iigh  velocity,  the  mass  consumed  should  constitute  1L%  of  tot 
material,  and  if  jet  velocity  is  one  third  of  light  velocity,  the  mass 
consumed  would  be  6%  of  total  material.  But  what  can  be  predicted  now  is 
that,  in  the  future,  the  thermal  nuclear  energy  which  has  highest  cor.versio 


s  been  conve 


est  re 


on  as 
xeroxes 


single-stage  rocket  can  at  most  reae.n  a  numoer  more  tnan  ten,  xi  tne  totax 
nass  ratio  of  multi-stage  rocket  can  reach  500,  that  is  the  peak. 

The  rocket  mass  ratio  required  for  reaching  various  maximum  velocity 
are  given  as  follows  when  jet  velocity  is  one  twentieth  of  light  velocity. 
From  the  table,  it  can  be  seen  that  the  maximum  velocity  of  spaceflight  can 
not  surpass  30%  of  light  velocity. 


Maximum  velocity |0,I0i0, 20 j 

0.3C 

10.  AC  i0.50 

Mass  ratio 

I  7  i  55  i 

500 

14700  159000 

A  Conceptual  Dasiim  of  an  Si  vine  for  Soaeef light 


;.u  metres  per  sec 


lae  explosion  force  thrown  thrust  slat  and  c 


ufer 


enables  mne  rocket  to 


n  continuous  and  homogeneous  Ig  acceleration. 


In  every  three  seconds,  there  is  a  hydrogen  bomb  exploded  and  th< 
enough  used  for  ten  days,  when  the  velocity  reaches  10,000  kilonu 
second  (one  thirtieth  of  light  velocity) ,  it  will  take  I3C  years  i 


the  half-man  half-horse  alpha  constell; 


'ears  to  reacn 


is  too  aong.  At  present. 


however,  among  various  astro dynamical  assumptions,  this  one  should  be 
considered  as  the  most  practical  one,  because  the  manufacturing,  storage  and 
using  of  hydrogen  bombs  have  proved  very  successful.  Recently,  tv  success¬ 
ful  testing  of  using  laser  or  electron  •  beam  which  can  be  close  to  light 

velocity  to  excite  hydrogen  bomb  to  achieve  very  high  temperature  needed  for 
explosion, has  differed  any  need  to  use  atomic  bomb  to  set  off  the  explosion. 
Thus  the  hydrogen  bomb  can  be  manufactured  as  small  as  a  pellet  and,  as  a 
result,  the  structure  pace  rocket  can  be  much  smaller. 


2.  Controlled  Thormalnuelear  Engine 

As  of  today,  the  test  of  controlled  thermalnuclear  engine  has  not  yet 
been  successful.  The  main  difficult  is  that  the  reaction  temperature  of 
nuclear  fusion  can  reach  several  tens  of  million  degrees  and  there  has  been 
so  far  no  container  that  can  stand  such  high  temperature  to  contain  it.  In 
addition,  if  the  plasma  ~as  produced  from  the  reaction  reaches  the  container, 
the  temperature  will  immediately  become  low  and  the  reaction  stops  at  once. 
Because  aU  reaction  gas  are  electrified  deuterium  and  tritium  ion,  so  now 
the  wav  of  containing  it  by  magnetic  field  is  under  study,  tod  at  the  same 


The  rust  space  looks  enpiv,  but  it  is  not-  without  anything  there, 
space  is  full  off  interstellar  natters  which  are  oonposei  of  hydrogen  ions 

and  atoms,  and  the  density  of  the  interstellar  matters  is  very  thin.  At 


spot  where  the  density  is  highest,  there  are  no  aore  than  1000  hydrogen 
atoms  per  cubic  centimetre  and  trie  density  constitutes  1$  of  atmosphere 


density  at  an  altitude  of  1000  from  the  earth.  At  the  spot  where  the  den 


is  spall,  there  is  only  one  hydrogen 


iin'bGi’SoGJ 


,  there  is  one  dei 


atom  per  cubic  centimetre.  Of  the 
iteriun  ion  among  each  3000  hydros®! 


latter 


luce  oig  mouth.  When  it  reaches  a  place  where  the  density  of  interstellar 
natters  is  high,  the  maximum  diametre  of  the  funnel  can  be  60  kilometres, 
and  where  the  density  of  the  interstellar  natters  is  low,  the  diameter  of 
vhe  funnel  must  maintain  as  wide  as  2000  kilometres.  To  manufacture  a  fu 
of  such  magnitude  is  certainly  not  easy.  The  funnel  cannot  be  made  of  an 
visible  material,  as  the  interstellar  matters  are  always  under  impact  of 
heating  and  collision  by  a  velocity  of  several  tens  of  thousand  kilometre 
Per  second,  bhe  funnel  will  soon  lose  its  strength  and  performance  i^  it  ' 
made  of  visible  materials.  So  there  can  only  be  a  funnel- like  magnetic  f: 
and  the  magnetic  lines  are  used  to  catch  hydrogen  ions. 


Figure  4  Conceptual  diagram  of  a  laser  propelled  spacecraf 


4.  leaser  Propelling 

There  will  be  a  pressure  when  light  strikes  or.  a-  substantial  body,  3 
though  such  a  pressure  is  insignificant,  if  the  surface  that  receives  the 
light  is  large  enough,  the  pressure  produced  on  it  by  t.he  right  can  be  us 


to  c-ronea.  a  soaceorait. 


It  has  been  assuapted  that  in  the  interstellar  space  near  to  the  sun 
a  large  laser  screen  can  be  built  and  that  the  sur.  can  be  directly  converted 
into  laser  (see  Figure  4)»  The  diametre  of  the  laser  screen  Bust  be  as 
large  as  250  kilometres,  otherwise,  the  light  beam  will  mostly  disperse  when 
it  reaches  the  distance  of  4-6  light  year.  There  is  a  huge  sail  on  the 
spacecraft  to  receive  the  rays  of  laser,  and  the  diametre  of  the  sail  must 


arso  oe 


250  kilometres.  The  sail  is  made  of  very  thin  and  very  light 


material  and  it  must  be  reflective  no  any  licet  so  in  can  catch  uhe  rn xm u , , 
li-ht  pressure.  The  weivhi  of  the  sail  is  estimated  no  less  isn  1000  tons. 


When  the  spacecraft  is  not  far  away  from  solar  system,  it  can  use  a 
laser  screen  of  which  the  diametre  is  ten  kilometres  as  power  source. 


The  plan  of  using  laser  directly  to  propel  a  spacecraft  seems  mo  oe  a 
wishful  thinking.  But  due  to  the  fact  tnat  it  does  nom  have  -o  nave 
complicated  nuclear  reactor  installation  and,  on  the  other  hand,  it  can  sa.-e 
tens  of  thousands  tons  of  fuel,  the  plan  has  caught  wide  attention.  A  more 
practical  plan  as  mentioned  above  is  to  use  laser  beam  as  power  source,  and 
thernanuciear  fuel  to  excite  nuclear  fusion  to  produce  jet  thrust. 


5  Antimatter  Engine 


Acv  cram 


tter  there  is  antimatter  opposite  ~-o  ± 
ipo stive,  antinroton  and  antinsutron  lend  support  fo 


imatter 


When  natter  and  antimatter  interact  with  each  other,  as  what  Einstein 

formula  has  pointed  out,  total  mass  '-dll  be  converted  into  energy.  The 
\.p  it 

energjrAeirat  in  the  form  of  ray,  neutrino,  high-energy  electron  and  others*. 

be  used  because  it  is  quickly  absorbed  by 
neutrino,  and  still  there  is  other  snail  part  is  lost  because  it  has  become 
heat.  Jet  velocity  can  be  augmented  to  reach  one  fifth  of  light  velocity. 

In  order  to  enable  the  maximum  velocity  of  spaceflight  to  reach  one  third  of 
light  velocity,  mass  ratio  must  be  6.  Antimatter  only  constitutes  2%  of  the 
weight. 


In  a  huge  high-energy  accelerator,  anti-proton  can  be  produced  by 
using  strong  proton  bombardment  of  one  hundred  billion  protons.  Each  year 
only  a  few  kilograms  of  matters  used  for  high-energy  physical  test.  The 
21th  century  will  be  the  earliest  when  it  becomes  enough  to  be  used  as 
propellant.  What  is  more  difficult  is  the  storage  of  anti-matter.  So  the 
realization  of  antimatter  en-ir.e  remains  to  be  a  new  challenge  to  the  modem 
technology* 


We  have  introduced  some  situations  of  astrogation  among  permanent  stars 
the  plans  of  spaceflight  and  the  conceptual  design  of  space  engine.  In  fact 
the  difficulties  in  astrogation  are  much  more  than  these,  such  as  the 
guidance  ana  communication  are  all  problems  no  oe  solved,  in  the  following 
issue  we  shall  talk  something  about  the  orocess  of  astromation. 


*  Hereafter  each  sentence  of  the  original  Chinese  text  misses  some  words 


J 

c 

*V. 

^4 


What  is  Degree  of  Freedom 
De  Xing 

_  deSc-ib^ng  ^roscooe  in  previous  issue  of  this  journal. 

In  an  articxe  — c 

<  *1  a, ,v>  m av*  f  - w  i  n  yi  _f_  —  O.i* 

.  terB  »ae3ree  of  freedom"  appears  frequently.  w  reader 

. .  ■„  m,.  wits  to  us  and  ask  for  ar.  expiration  of 

Peking  and  fang  Xi  fro m  i.-nx.±ua 

,  understand  the  term,  we  ask 

the  tom.  In  order  to  enable  oar  reaoe.s  „o  unoe.st.na  - 

a  ,  • _  oy*  ^na.'uIoTi  as  foilows# 

Comrade  De  Sing  to  ?*ve  an  * 

The  tern  "degree  of  freedom"  Ln  the  stud;,  of  ^rosoone  refers  the 

freedom  of  mechanical  movement  of  a  M  in  -ace.  that  *■  *•  degree  of 
free  movement  of  a  body  in  space.  As  »  hnow  that  movement  is  an  mseparao-s 

property  of  a  matter  and  is  a  form,  of  existence  of  a  matter. 

.  r.  n  i«  sunce  ana  tine*  vlhen  f.e  SuU  ,v 

movement  is  a  position  cnange  of  a  na.oer  in  s? 

n  -rj-i-’n  on  already  khoWH  0SS1S 

.  i  nf  p  bod v.  we  ali-rays  susrt  wiun  a - ^ j 

nsciiSHicsl  mov e^en  ^  oi  s,  ■- ^  —=  ? 

+ft  observe  the  mechanical  movement  of  the 

o?  reference— coordinate  system  ko  v  — 

,  .  »  y,, — ,~-r  the  relative  movement*  ~°T 

body  relative  to  tms  coordinate  sjsuen, 

,,  a  nig  .o,  a  car  or  a  train,  we  often 

instance,  when  we  stuay  the  moveme-v  oA  &  .  » 

take  the  earth  as  reference  basis,  then  «  cose.ve  toes,  -la  - 

to  the  geographical  coordinate  system.  Thus  «  know  that  the  degree  of 

-iaa.aA  -o  fbe  selection  of  coordinate  system.  A  plane 
freedom  is  directly  related  *o  one  sej.e-j.0 

,  .  .  n  ...  o-p  mirure  1),  for  example, can 

in  the  nicy  (see  the  picture  on  left  :^nfi  s-de  - 

id  the  range 


ly  toward  east,  west,  soutn  or  nor 


th  ar.d  up  or  down, 


fly  i - v 

,  .  r  --i  Tj-at  a  ssr  running  on  the  ground  (see 

of  its  free  movement  is  very  greet u.  muo  c.  - 

....  «.  • ,  n"  vim-are  i'  g  limited  by  the  sum  ace  Oj, 

the  picture  on  ngnt  nana  s-ae  o_  -  -*-e  • 


Figure  a  a.  comparison  of  the  degree  ci  free  movement 
of  some  moving  bodies 

the  ground.  It  can  run  toward  east,  west,  south  or  north  but  it  cannot  i: 
up  from  the  ground  nor  can  it  enter  into  the  ground,  namely  it  cannot  lik 
a  plane  go  up  or  down.  So  the  degree  of  its  free  movement  is  smaller  tha 
a  plane*  Again  for  example,  when  a  train  is  running  on  its  track  (see  t 
center  picture  of  Figure  l),  in  addition  to  that  it  cannot  run  up  or  down 
because  the  limitation  of  the  ground,  it  cannot  be  away  from  the  trade  to 
run  freely  toward  any  direection.  So  the  degree  of  its  free  movement  is 
smaller  than  a  car.  Hereby  we  can  see  that  the  freedom  of  mechanical 
movement  of  a  body  is  limited  by  external  forces. 


The  freedom  of  a  plane  in  flight  is  so  great  that  the  forms  of  its 
movement  become  complicated.  How  to  study  the  movement  of  a  plans'?  Accor 
to  the  nrincioles  of  theoretical  mechanics,  we  know  that  although  the 

the  movement 


position  to  a  new  position,  the  fixed  line  AB  will  following  the  movement 
of  the  body  turns  into  A'B*.  As  to  the  question  of  how  the  body  moves  to 
its  new  position,  we  do  not  have  to  -discuss  it  here.  However,  for  the  study 


„  of  its  movement,  we  should  take 

ftwo  steps?  First  step  is  to  let 

the  body  move  horizontally  toward 

/  ,  ,  , . 

/  ••  ,  .  a  rxgnt  downward  airecoion,  t-nen 

y  /  A  will  coincide  with  A*  (the 

.  'owf\  /  /  , 

-  dotted  line  position  in  Figure  2), 

i 

q\  j£  The  second  step  is  again  to  let 

it  rotate  around  A*  forming  an 

Figure  2  Analysis  of  the  movement  angle  cj,  it  can  coincide  with  the 
of  a  body  on  a  plane 

new  position  of  the  body.  This 
means  that  however  complicated  the  movement  of  a  body  can  be,  the  motion 
can  only  be  classified  into  moving  and  rotating,  two  basic  movement. 


only,  the  complicated  movement 


plane  flying  in  the  sky  can  as 


11  be  classified  into  two  pares:  moving  and  rotating.  In  study,  usually 
.  adequate  OXYZ  right  angle  coordinate  system  is  selected  as  reference, 


such  as  earth  based  coordinate  system. 


moving  cart  is  explained 


using  the  change  of  the  coordinate  value  x,  y  and  z  of  the  plane  ur.nvitatio 
C,  and  the  rotating  part  is  explained  by  using  the  chance  of  rotation 
angle  , 


sing  a  right  angle  coordinate  system  to  oosrevs  ana  study 


The  Principles  and  Application  of  Solid-state  Pressure  Transducer 

Chen  Ruo-yu 


t  *rr  }  ^ 

k-  1 

\ 


In  aviation  industry  and  science  research,  techniques  of  pressure 
measurement  are  ’Widely  applied.  The  attainment  of  perar.etres  of  flight 
altitude  of  an  aircraft,  air  speed  indication,  3%aeh  number  and  landing  speed 
all  deppends  upon  the  principles  of  pressure  measurement.  The  accurate 
measurement  of  gas  burning  pressure,  oil  pressure  and  pressure  ratio  of 
inlet  channel  and  exhaust  channel  of  an  aircraft  engine  is  a  prerequisite 
for  the  reliability  of  an  engine  working  under  optimal  condition.  Such 
pressure  measurements  are  indispensable  in  flying  vehicle  modeling,  engine 


ground  testing,  simulation  test  in  high  altitude  and  so  are  in  atonic  energy 
industry  and  fuel  chemistry  industry. 


As  a  result  of  continuous  advancement  of  industries,  the  requirement 
for  press-ore  measurement  becomes  higher  and  higher.  Becuase  a  pressure 
transducer  is  the  key  part  of  pressure  measurement  techniques,  to  manufacture 
new  pressure  transducer  of  snail  size  with  high  precision  has  become-  a-  very 


urgent  tasK.  tspec 


Lation,  it  has  become  an  item  of  first  priority. 


The  scope  of  pressure  measurement  is  rather  broad,  and  the  types  of 
transducer  which  is  used  to  sense  pressure  are  numerous.  Before  the  advent 
of  solid-state  pressure  transducer,  the  transducers  which  are  used  to 


measure  pressure 


mostly  ■saecnanicai  type"  o: 


1  It  gyr*  tl^l 


ectromechanicax  t-Tpe1 


The  mechanical  type  pressure  transducer  usually  uses  compound  fi3 


corrugated  tube  or  end-sealed  tube  sensing  pressure  to  produce  displacement 
and  stress,  which  are  then  amplified  by  an  amplifier,  and  finally  the 
reading  of  pressure  is  indicated  on  a  disk  on  which  the  number  of  degree  is 
carved.  The  electromechanical  type  pressure  transducer  is  on  the  mechanical 


such  as  electric  potential  metre,  electric  induction  or  electric  capacity 
convertor,  micro inching  synchronizer  and  self-adjusting  angle  controller  to 
convert  mechanical  displacement  and  stress  into  electric  signals  such  as 
electric  resistance,  electric  induction,  electric  capacity,  voltage  and 
electric  current  to  put  out. 

the 

The  size  of  this  kind  of  transducer  is  generally  very  large  and^, accuracy 
is  poor.  The  friction  of  the  rotating  amplifying  mechanism  and  the  non¬ 
linearity  laav e^easureEea' u  error  constituting  probably  1-10*5  of  the  measured 
pressure.  This  cannot  meet  the  requirement  for  transducer  used  in  science 
research  nor  is  it  suitable  for  aviation  industry. 


In  the  sixties,  a  comprehensive  unit  of  flight  paranetres  —  atmosphere 
data  computing  system  is  used  in  airearfts.  But  the  key  problem  is  till 
how  to  have  a  pressure  transducer  with  high  precision.  For  solving  such  a 


W7»nh  i  6^1 


new  transducers  of  various  types  nave  ceen  manufactured  xn 


recent  years,  such  as  electromagnetic  induction  transducer,  compound* 
resonance  transducer  and  piezoelectric  or  piesoresistar.ee  transducer.  Among 


*  Hereafter  and  a  large  part  of  the  followin'? 
original  Chinese  text  misses  some  words. 


UllttHttl  (t||  UttlU  W  tlttlUUI  HMIUI  tti  mmmmiw  1 1 1 


S0Ald-3u3,te 


Solid-state  pressure  transducer  is  the  sileon  film  pressure  transduce: 
which  is  made  of  solid  material — signle  crystal  sileon. 


The  structure  of  this  kind  of  transducer  is  that  the  pressure  sensing 
elements  are  films  made  of  single  crystal  sileon.  The  diameter  of  the  film 
is  small  (l-20ram)  and  its  thickness  is  thin  (0, 2-0, 5mm),  The  sileon  film  : 
made  by  way  of  cutting  according  to  crystal  direction.  Through  processes  < 
grinding  and  polishing,  the  film  surface  is  made  very  smooth  and  even.  So 


the  film  is  a  crystal  plane  of  a  sincle  crystal  sileon.  Then  through  fine 
semiconductor  working  process,  on  the  film  surface  along  its  crystal 
direction,  electric  resistance  lines  are  engraved.  Tiuure  1  shows  a  .  film 
with  crystal  surface  and  crystal  direction 


Figure  1 


other  pressure  transducers  for  ssaae  purpose.  So  it  has  created  favorable 
condition  for  application  to  the  digit  technique  of  paraneire  comprehensive 
measurement  in  flight.  Therefore  it  has  caught  <*re&t  attention  and 

interest  of  concerned  sections  in  the  country  and  abroad.  Bat.  however,  the 
high  degree  of  precision  of  a  solid-state  pressure  transducer  is  not  easy  to 
achieve  at  all.  Primarily  because  the  sensitivity  of  seaiconduetor  material 
to  temperature  is  too  strong,  even  a  chanre  of  temperature  by  one  or  only 

half  degree,  the  transducer  will  react.  As  we  know,  the  environmental  condi¬ 
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aviation  uroduct  arc 


,s  of  ideal  soli' 


and  lucre 
state  ore 


advanced  studies  of  semiconductor. 


various  xma 


s sure  transducer  will  certainly  oe  produced. 
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